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Abstract






tensor charges of the nucleon,
which are deeply related to the rst moment of the leading twist transversity quark
distribution h
1
(x), in the chiral quark-soliton model. With rotational O(1=N
c
) correc-
tions taken into account, we obtain g
(0)
T
= 0:69 and g
(3)
T
= 1:45 at a low normalization







= 1:21 for axial charges and correct octet{decuplet
mass splitting. We show how the chiral quark-soliton model interpolates between the
nonrelativistic quark model and the Skyrme model.

























] in notation of Bjorken and
Drell [2]. The tensor charges, as shown by Jae and Ji [1], are related to the rst moment
















where f is a avor index (f = u; d; s;   ).
Our aim is to calculate the tensor charges (1) in the chiral quark{soliton model (QSM,
often called the semibosonized Nambu|Jona-Lasinio model) at a low normalization point
of several hundreds MeV.
The QSM has been successful in reproducing the static properties of the baryons such as
the octet-decuplet mass splitting [3, 4], axial charges[5, 6, 7] and electro.m. form factors [8, 9].
The baryon in this model is regarded as a bound state of N
c
quarks bound by a non-trivial
chiral eld conguration. Such a semiclassical picture of baryons can be justied in the
N
c
!1 limit in line with more general arguments by Witten [10]. A remarkable virtue of
QSM is that the model interpolates between the nonrelativistic quark model(NRQM) and
the Skyrme model [11]. In particular, due to such an interplay, it enables us to examine the
dynamical dierence between the axial and tensor charges of the nucleon.
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In order to calculate the tensor charges given by eq.(1) we employ the eective QCD
partition function folowing from the instanton picture of QCD in the limit of low momenta.


















where iD denotes the Dirac dierential operator








and M is the dynamical quark mass which arises as a result of the spontaneous chiral sym-
metry breaking and is momentum-dependent. The momentum dependence of M introduces
the natural ultra-violet cut-o (inverse average instanton size 1=  600 MeV) [12] for the
theory given by eq. (3) and simultaneously brings a renormalization scale to the model.













at large Euclidean time T with baryon current J
B
constructed from quark elds and having
nucleon quantum numbers. The correlation function (5) can be calculated in the eective
chiral quark model dened by eq.(3) using 1=N
c
expansion. The related technique can be

















where , ,  and I  N
c
can be found in ref.[13].
The QSM interpolates between NRQM and the Skyrme one, i.e. in the limit of small
soliton size it reproduces the results of NRQM, whereas in the opposite limit of large soliton
size it mimics the Skyrme model. In the limit of large soliton size (large constituet quark








and ;   MR
0
. Therefore,










is sizably reduced in the limit of large
soliton size, while the analogous analysis of the axial charges [6, 11] gives even much stronger










. This observation of the dierent behaviors
between the axial and tensor charges leads to a conclusion that the tensor charges might
deviate from axial ones remarkably. In the limit of MR
0















+ 2)=3 (derivation for axial charges see ref.[11])
3
.
In gure 1 we show the dependence of the tensor and axial charges on the soliton size.
We see that axial and tensor charges starting from the same values of (N
c
+ 2)=3  1:67 for
the isovector case and 1 for the singlet one at small soliton size have qualitatively dierent
behavior for larger MR
0
| the dependence of the tensor charges on soliton size is weaker than
corresponding dependence of the axial charges. This qualitative dierence is in accordance
with the asymptotics of the charges in large soliton size considered above.
3
Note that it is of great importance to take into account the rotational 1=N
c
corrections (  contribution
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, while the dashed curve draws the g
(3)
A




, whereas the dotted curve is for the g
(0)
A













= 1 in NRQM, respectively. The large arrows denote
NRQM and Skyrme limit of the present model.
We have calculated the tensor charges for M = 420 MeV. At this mass the model reproduces
with good accuracy many nucleon observables { octet-decuplet mass splitting [4], isospin
splittings in baryon octet and decuplet [14], singlet axial charge [6, 7], magnetic moments,
isovector axial charge [5] and electromagnetic form factors [8, 9]. Using accurate Kahana{








We nd that the obtained results are close to those in the bag model [1] and consistent with
QCD sum rule calculations of refs. [16, 17]. Using the same technique and parameters of the
































as  ! 1 the tensor charges slowly vanish. One can use this equation to recalculate the
tensor charges at higher normalization points using the values of tensor charges (7) at low
normalization point. Due to the weak dependence of the tensor charges on the normalization
point, we do not need to know precisely the value of the initial normalization point.
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